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(54) METHOD AND DEVICE FOR OPTICAL RECORDING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a sufficient interference effect 
and excellently reproduce a data image of an object beam when 
recording a Fourier-transformed image of the object beam holding data 
information as a hologram. 

SOLUTION: A data image of an object beam is Fourier-transformed, and 
zero-order to, for instance, 5th order light components of the Fourier- 
converted image are transmitted through a light transparent part 21 of a 
shading body 20 to irradiate an optical recording medium therewith. The 
light transparent part 21 has a constant light transmittance in all the 
area. Parallel light of spatially constant intensity is transmitted through 
an intensity modulation filter 1 7 having such a spatial transmittance 
distribution as the transmittance is maximal at the center part and 
decreased as it goes down to the periphery, and the transmitted light is 
transmitted through the light transparent part 21 of the shading body 20, 
or directly emitted reference light onto the area of the optical recording 
medium irradiated with the zero-order to 5th order light of the Fourier 
transformed image and not through the light transparent part. Then, the 
center part where the reference light is at the maximum in the intensity 
is made to be superimposed on the zero-order light in which the 
Fourier-transformed image is at the maximum in the intensity. At the reproduction, 
same wave front as the reference light in recording is irradiated. 
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* NOTICES * 

JPO and XNPIT are not. responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[Field of the Invention] This invention relates to the approach and equipment which record data 
information as a hologram. 

[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] The hologram memory which combines the large capacity nature 
originating in a three-dimension-record section and the rapidity originating in a two-dimensional 
package play back system as next-generation computer filing memory attracts attention. 
[0003] In a hologram memory, in the same volume, multiplex can be carried out, and two or more data 
pages can be recorded, and data can be collectively read for every page. Record playback of digital data 
also becomes possible by carrying out digital imaging of not an analog image but the binary digital data 
"0, 1" as "** and dark", and carrying out record playback as a hologram. Recently, the evaluation of an 
SN ratio or a bit error rate based on the concrete optical system of this digital hologram memory system 
and a volume multiplex recording method or the proposal about a two dimensional modulation is made, 
and the research from more nearly optical viewpoints, such as effect of the aberration of optical system, 
is also progressing. 

[0004] The shift multiplex recording method which was shown in reference "D. Psaltis, M.Levene, 
A.Pu, G.Barbastathis and KCurtis;Opt.Lett.20 (1995) 782" at drawing 7 and which is an example of a 
volume multiplex recording method is shown. 

[0005] By the shift multiplex recording method shown in this reference, the hologram record medium 91 
is made into a disk configuration, the reference beam 96 of the spherical wave acquired through the 
objective lens 95 is irradiated at the hologram record medium 91, and overwrite of two or more 
holograms is carried out to the same field by rotation of the hologram record medium 91 at the same 
time it carries out the Fourier transform of the body light 93 obtained through the space optical 
modulator 92 with a lens 94 and irradiates the hologram record medium 91 . For example, if a beam 
diameter is set to 1.5mmphi, another hologram to the almost same field can be recorded only by moving 
the dozens of micrometers hologram record medium 91, without producing a cross talk. Since a 
reference beam 96 is a spherical wave, this uses becoming that the include angle of a reference beam 96 
changed with migration of the hologram record medium 91 , and equivalence. 

[0006] The migration length delta of this spherical-surface reference wave shift multiplex record, i.e., 
the distance which can separate a mutual hologram independently, is shown also in the above-mentioned 
reference, deltaspherical =deltaBragg+deltaNA **(lambdazo/(Ltanthetas)) +lambda/(2NA) - (1) 
It is come out and expressed. Here, the distance of the objective lens and record medium with which 
lambda forms the wavelength of body light and zo forms a spherical-surface reference wave, and L are 
[ the crossed axes angle of body light and a spherical-surface reference wave and NA of the thickness of 
a record medium and thetas ] the numerical aperture of the above-mentioned objective lens. 
[0007] From this formula (1), shift-amount delta can become small, can increase a multiplicity, and can 
increase storage capacity, so that the thickness L of a record medium is large. Furthermore, what is 
necessary is just to micrify a record section, in order to aim at increase of storage capacity more 
effectively by shift multiplex record. By carrying out multiplex record, volume multiplex record of high 
density is more realizable for a minute field. 

[0008] Therefore, in a hologram memory system, with a lens, the Fourier transform of the body light is 
carried out, and it is irradiated at a record medium. When the image of body light has a fine pitch (high 
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spatial frequency), breadth zeta of the body light in a record-medium side is zeta=klambdafomegax at 
this time. — (2) 

It is come out and expressed. For k, a proportionality constant and lambda of the wavelength of body 
light and f are [ the focal distance of the lens for the Fourier transform and omega x ] the spatial 
frequency of body light. Therefore, if a focal distance f uses a small thing as a lens for the Fourier 
transform, micrifying of a record section is possible. 

[0009] Furthermore, micrifying a record section is also considered by allotting an aperture ahead of a 
record medium, and taking out and recording only the required spatial-frequency component of the body 
light after the Fourier transform. 

[0010] Let the data image recorded as a hologram be an image like drawing 1 . When the white part in 
drawing expresses data "1" and a black part expresses data "0", binary two-dimensional digital data is 
recordable for every page. The magnitude of 1 pixel of dxd corresponds to 1 bit data. 
[001 1] When the Fourier transform of such a body light of an image is carried out with a lens, the 
Fourier transform image after conversion As shown in drawing 2 , while primary light F light [ 1 or 
secondary ] F 2 or 3rd light F3 ~ becomes what spread in the symmetry in the plus direction and the 
minus direction about each of the direction of a x axis, and the direction of the y-axis focusing on the 
zero-order light F0 (omegax=0, omegay=0) As drawing 2 shows a component with stronger 
reinforcement as a big point and the curve PI of drawing 3 shows, the optical reinforcement has the 
remarkably strong zero-order light F0, and becomes so weak that it becomes high order. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] according to [ as mentioned above ] this invention — a Fourier transform image 
— each — cross protection sufficient by homogeneity is acquired per degree component, and the data 
image of body light can be reproduced good. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] A hologram is formed by making body light and a reference 
beam interfere in a record medium, cross protection is so large that the reinforcement of body light and a 
reference beam is equal, and the diffraction efficiency at the time of playback becomes high. On the 
contrary, since cross protection is small when the reinforcement of body light and a reference beam 
differs extremely, the diffraction efficiency at the time of playback becomes low. 
[0013] therefore, it was shown in drawing 2 and drawing 3 — as ~ each ~ the case where the Fourier 
transform image with which the reinforcement of the following component differs is recorded as a 
hologram — each, about the following component, uniform and sufficient cross protection is not 
acquired and it does not become uniform and sufficient diffraction efficiency. 

[0014] For example, when a reference beam is made into the same reinforcement as the zero-order light 
F0, it will become the image with which the profile with playback of a high order component inadequate 
[ a playback image ] faded since the cross protection about the component after primary and a high order 
component which is especially called secondary light F 2 or 3rd light F3 became small, diffraction 
efficiency fell about the high order component and the Fourier transform image included many profile 
information in the high order component. 

[001 5] on the contrary » as [ call / for example, / when a reference beam is made into the same 
reinforcement as the 3rd light F3 / it / the zero-order light F 0 or primary light Fl ] - low — the cross 
protection about degree component — small — becoming — low — degree component — diffraction 
efficiency - falling - a Fourier transform image » low - a playback image since many quantity of light 
information is included in degree component — low - it will become the image with inadequate 
playback of degree component for which the quantity of light was insufficient. 

[0016] Therefore, generally, as the straight line P2 of drawing 3 shows, a reference beam is made into 
the in-between reinforcement between the zero-order light F0 and high order light, however - even if 
such » each - about the following component, uniform and sufficient cross protection is not acquired 
and does not become uniform and sufficient diffraction efficiency. 

[0017] then, the case where this invention records the Fourier transform image of the body light holding 
data information as a hologram - a Fourier transform image ~ each - cross protection sufficient by 
homogeneity is acquired per degree component, and it enables it to reproduce the data image of body 
light good 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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MEANS 



[Means for Solving the Problem] By the optical recording approach of this invention, in the strong place 
of the reinforcement of the Fourier transform image of the body light holding data information, and this 
Fourier transform image, reinforcement is strong, and reinforcement irradiates at coincidence the 
reference beam which has weak space intensity distribution at an optical recording medium, and records 
on said optical recording medium by making said Fourier transform image into a hologram in the weak 
place of reinforcement. 

[Translation done.] 
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OPERATION 

[Function] by the optical recording approach of this invention of the above-mentioned approach, the 
reinforcement of a Fourier transform image is strong — low — the reference beam component in which 
degree component and the reference beam component in which it interferes have strong reinforcement, 
and it interferes with a high order component with the weak reinforcement of a Fourier transform image, 
since reinforcement is weak as [ bury / in the one where the reinforcement of another side is strong / the 
one where either reinforcement of a Fourier transform image and a reference beam is weaker ] — there is 
nothing — a Fourier transform image — each — cross protection sufficient by homogeneity is acquired 
per degree component, and the data image of body light is reproduced good. 
[0020] 

[Embodiment of the Invention] [An example of the optical recording approach] In order to record data 
on high density, it is desirable to make small an area of 1 pixel of a data image like drawin g 1 , namely, 
to make the value of d small, and to stuff more bit data in 1 page. In addition to record of high density, 
high-speed record playback is realizable with this. 

[0021] However, since x of a data image, the spatial frequency omega x of the direction of the y-axis, 
and omegay are proportional to 1/d, if an area of 1 pixel is made small in this way, spatial frequency 
omega x and omegay will become large, and the Fourier transform image of the data image as a body 
light will spread on an optical recording medium according to a formula (2). 

[0022] Then, it is desirable to micrify the record section on an optical recording medium by arranging 
the protection-from-light object which formed the light transmission section in the part ahead of an 
optical recording medium, making the Fourier transform image of a data image penetrate, and irradiating 
the light transmission section in it at an optical recording medium. 

[0023] Since the image (body light) to record is not an analog image but a binary data image, if spatial 
frequency omega x and omegay do not need to record it to the component of infinity and record to the 3- 
5th high order about components as a Fourier transform image, it is enough. 

[0024] So, with an example of the optical recording approach of this invention shown below, only the 
component from the zero-order light of a Fourier transform image to the 5th light is recorded on an 
optical recording medium as a hologram. 

[0025] Drawing 4 shows an example of the optical recording approach of this invention. By this 
approach, the protection-from-light object 20 in which the light transmission section 21 as shown in this 
drawing (A) was formed is arranged ahead of an optical recording medium, the component from the 
zero-order light of a Fourier transform image as shown in drawing 2 to the 5th light is made to penetrate, 
and the light transmission section 21 is irradiated for it at an optical recording medium. The light 
transmission section 21 sets light transmittance constant throughout the. 

[0026] [ in the circle which is equivalent to the light transmission section 21 as shown in this drawing 
(B) on the other hand ] permeability in a core at the maximum The intensity modulation filter 17 which 
has the space permeability distribution to which permeability becomes small as it goes on the outskirts 
Arrange on the optical path of the parallel light of fixed reinforcement spatially, the intensity modulation 
filter 17 is made to penetrate the parallel light of the fixed reinforcement, and the transmitted light is 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/6/2007 



JP,2000-284672,A [OPERATION] 



Page 2 of 4 



irradiated as a reference beam to the field to which the component from the zero-order light of a Fourier 
transform image of an optical recording medium to the 5th light is irradiated. 

[0027] In this case, the reference beam which penetrated the intensity modulation filter 17 makes the 
light transmission section 21 of the protection-from-light object 20 penetrate like a Fourier transform 
image, and irradiates an optical recording medium, or irradiates an optical recording medium directly 
through the light transmission section 21. However, in any case, it sets on an optical recording medium, 
and is made for the core of max [ reinforcement / of a reference beam ] to overlap the zero-order light of 
max [ reinforcement / of a Fourier transform image ]. 

[0028] According to this, the reference beam irradiated by the optical recording medium becomes what 
has the space intensity distribution of the Fourier transform image shown as a continuous line PI, and 
the same space intensity distribution as the broken line P3 of drawing 4 (C) shows, namely, to a 
component with the strong reinforcement of a Fourier transform image, reinforcement is strong and 
becomes what has weak reinforcement to a component with the weak reinforcement of a Fourier 
transform image. 

[0029] therefore, a thing [ a thing ] the one where either reinforcement of a Fourier transform image and 
a reference beam is weaker is buried in the one where the reinforcement of another side is strong — there 
is nothing — a Fourier transform image — each — cross protection sufficient by homogeneity is acquired 
per degree component, and the data image of body light can be reproduced good. 
[0030] [An example of optical recording equipment] Drawing 5 is the case where an example of the 
optical recording equipment of this invention is shown, and it serves as photo-regenerating equipment. 
[0031] The coherent light from the light source 6 is divided into two light by the beam splitter 12, a 
shutter 15 is opened at the time of record, and light which penetrated the beam splitter 12 is made into 
parallel light with large aperture with Lenses 10a and 10b, and carries out incidence to the space optical 
modulator 4. 

[0032] By computer omitted by a diagram, a binary two-dimensional digital data image as shown in 
drawing 1 is displayed on the space optical modulator 4. According to the value of each pixel of a digital 
data image, intensity modulation of the light which passed the space optical modulator 4 is carried out 
by this, and it turns into the body light 1 which has the information on a digital data image by it. 
[0033] The Fourier transform of this body light 1 is carried out with a lens 7, the light transmission 
section 21 of the protection-from-light object 20 which showed the component from the zero-order light 
of If of Fourier transform images as shown in drawing 2 after that conversion to the 5th light to drawing 
4 (A) is made to penetrate, and an optical recording medium 5 is irradiated. 

[0034] After reflecting the light reflected in coincidence by the beam splitter 12 by mirrors 13 and 14, 
Make the intensity modulation filter 17 shown in drawing 4 (B) penetrate, and the reference beam 2 
which has the space intensity distribution corresponding to space intensity distribution of If of Fourier 
transform images as mentioned above is obtained. The field to which the light transmission section 21 of 
the protection-from-light object 20 is made to penetrate, and the component from the zero-order light of 
If of Fourier transform images of an optical recording medium 5 to the 5th light is irradiated [ section ] 
in the reference beam 2 is irradiated. 

[0035] In an optical recording medium 5, the component from the zero-order light of If of Fourier 
transform images to the 5th light and the reference beam 2 which has the space intensity distribution 
corresponding to the space intensity distribution interfere, and the Fourier transform hologram is 
recorded into an optical recording medium 5 by this. In this case, by the driving means 40, an optical 
recording medium 5 is moved in the predetermined shift direction, and shift multiplex record of the 
hologram is carried out. 

[0036] At the time of playback, a shutter 15 is closed, the body light 1 is intercepted, the same light as 
the reference beam 2 at the time of the record which made the intensity modulation filter 17 penetrate is 
read, as a light, the light transmission section 21 of the protection-from-light object 20 is made to 
penetrate, and the field to which the hologram of an optical recording medium 5 is recorded is irradiated. 
It irradiated, and reads and light 2 is diffracted by the hologram. 

[0037] The inverse Fourier transform of the diffracted light 3 is carried out with a lens 8, image 
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formation is carried out on the photodetectors 9, such as CCD, and data information is read. 
[0038] With the approach and equipment by [experiment which were verified ] mentioned above, record 
playback of data information was actually tried. Although what kind of thing could be used as an optical 
recording medium 5 as long as the hologram was recordable, the polyester which is expressed with the 
chemical formula shown in drawing 6 and which has a cyano azobenzene in a side chain was used here. 
Record of a hologram, playback, and elimination are possible for this ingredient by the optical induction 
anisotropy by photoisomerization of the cyano azobenzene of a side chain as indicated by Japanese 
Patent Application No. No. 32834 [ ten to ] at the detail. 

[0039] 515nm of oscillation lines of the Ar ion laser which has sensibility in the polyester which has a 
cyano azobenzene in the side chain as an optical recording medium 5 was used for the light source 6. 
[0040] The magnitude of 1 pixel used the 640x480-pixel liquid crystal panel 1.3 mold for projectors for 
the space optical modulator 4 by 42micrometerx42micrometer. The pattern by which made 1 pixel 1 bit 
and binarization was carried out like drawing 1 was created by computer, and was inputted into the 
space optical modulator 4. Therefore, the data image of the body light 1 will have a spatial-frequency 
component corresponding to the pitch of d= 42 micrometers. As a lens 7 which carries out the Fourier 
transform of the body light 1, that whose focal distance f is 55mm was used. 
[0041] The liquid crystal panel same also as an intensity modulation filter 17 as the space optical 
modulator 4 was used. Beforehand, the space intensity distribution of the Fourier transform image in the 
location on an optical recording medium 5 were measured with the CCD camera, and space intensity- 
distribution data were obtained. 

[0042] First, the hologram was recorded by the conventional approach for the comparison. From the 
above-mentioned space intensity-distribution data obtained beforehand, zero-order light, secondary 
light, and the 5th luminous intensity were detected, and the hologram was recorded by the reference 
beam of the same reinforcement as these. 

[0043] Although lightness was high when body light was intercepted, the same read-out light as a 
reference beam was irradiated and the data image was reproduced from the obtained diffracted light, 
after first irradiating the reference beam of the same reinforcement as zero-order light and recording a 
hologram, the playback image with which the profile faded was obtained. Next, although the profile had 
clarified when body light was intercepted, the same read-out light as a reference beam was irradiated 
and the data image was reproduced from the obtained diffracted light, after irradiating the reference 
beam of the same reinforcement as the 5th light and recording a hologram, the low playback image of 
lightness was obtained, the case where a high order component is not fully reproduced but a reference 
beam is the same reinforcement as the 5th light conversely when these results to a reference beam is the 
same reinforcement as zero-order light - low - it was checked that degree component is not fully 
reproduced. 

[0044] furthermore - although lightness falls when body light is intercepted, the same read-out light as a 
reference beam is irradiated and a data image is reproduced from the obtained diffracted light, after 
irradiating the reference beam of the same reinforcement as secondary light and recording a hologram - 
the small-fire injury of a profile - it has been improved a few. The conventional approach changes the 
reinforcement of a reference beam, checking a playback image in this way, and chooses the 
reinforcement of the reference beam from which the most desirable playback image is obtained. 
[0045] Next, the hologram was recorded by the approach of this invention. First, intensity modulation 
data were created by computer based on the above-mentioned space intensity-distribution data obtained 
beforehand, and it displayed on the liquid crystal panel which forms the intensity modulation filter 17. 
[0046] Next, the CCD camera has been again arranged in the location on an optical recording medium 5, 
the space intensity distribution of the reference beam which penetrated the intensity modulation filter 17 
were measured, and intensity modulation data were adjusted so that the space intensity distribution of a 
reference beam might become the same as the space intensity distribution of a Fourier transform image. 
The hologram was recorded after adjustment by the reference beam which penetrated the intensity 
modulation filter 17. Then, when body light was intercepted, the same read-out light as a reference beam 
was irradiated and the data image was reproduced from the obtained diffracted light, lightness was high, 
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and the playback image with which the profile clarified was obtained, and the effectiveness of the 
approach of this invention was checked. 

[0047] Example] besides [ Instead of carrying out the Fourier transform of the data image of body light 
with a lens, the data of a Fourier transform image are obtained from data information by computer, and a 
Fourier transform image is displayed on a space optical modulator, and you may make it irradiate a 
Fourier transform image by it at an optical recording medium. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing an example of body light. 

[Drawing 2] It is drawing showing an example of a Fourier transform image. 

[Drawing 3] It is drawing showing the optical intensity distribution of a Fourier transform image. 

[Drawing 4] It is drawing showing an example of the optical recording approach of this invention. 

[Drawing 5] It is drawing showing an example of the optical recording equipment of this invention. 

[Drawing 6] It is drawing showing the chemical formula of an example of the ingredient of an optical 

recording medium. 

[Drawing 7] It is drawing for explaining a shift multiplex recording method. 
[Description of Notations] 

1 - Body light 

If — Fourier transform image 

2 — Reference beam (read-out light) 

3 - Diffracted light 

4 — Space optical modulator 

5 ~ Optical recording medium 

6 — Light source 

7 — Lens for the Fourier transform 

8 - Lens for inverse Fourier transforms 

9 — Photodetector 
12 — Beam splitter 
15 - Shutter 

17 — Intensity modulation filter 

20 — Protection-from-light object 

21 — Light transmission section 
40 — Driving means 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach and equipment which record data 

information as a hologram. 

[0002] 

[Description of the Prior Art] The hologram memory which combines the large capacity nature 
originating in a three-dimension-record section and the rapidity originating in a two-dimensional 
package play back system as next-generation computer filing memory attracts attention. 
[0003] In a hologram memory, in the same volume, multiplex can be carried out, and two or more data 
pages can be recorded, and data can be collectively read for every page. Record playback of digital data 
also becomes possible by carrying out digital imaging of not an analog image but the binary digital data 
"0, 1" as M ** and dark", and carrying out record playback as a hologram. Recently, the evaluation of an 
SN ratio or a bit error rate based on the concrete optical system of this digital hologram memory system 
and a volume multiplex recording method or the proposal about a two dimensional modulation is made, 
and the research from more nearly optical viewpoints, such as effect of the aberration of optical system, 
is also progressing. 

[0004] The shift multiplex recording method which was shown in reference "D. Psaltis, M.Levene, 
A.Pu, G.Barbastathis and KCurtis;Opt.Lett.20 (1995) 782" at drawing 7 and which is an example of a 
volume multiplex recording method is shown. 

[0005] By the shift multiplex recording method shown in this reference, the hologram record medium 91 
is made into a disk configuration, the reference beam 96 of the spherical wave acquired through the 
objective lens 95 is irradiated at the hologram record medium 91, and overwrite of two or more 
holograms is carried out to the same field by rotation of the hologram record medium 91 at the same 
time it carries out the Fourier transform of the body light 93 obtained through the space optical 
modulator 92 with a lens 94 and irradiates the hologram record medium 9 1 . For example, if a beam 
diameter is set to 1 .5mmphi, another hologram to the almost same field can be recorded only by moving 
the dozens of micrometers hologram record medium 91, without producing a cross talk. Since a 
reference beam 96 is a spherical wave, this uses becoming that the include angle of a reference beam 96 
changed with migration of the hologram record medium 91, and equivalence. 

[0006] The migration length delta of this spherical-surface reference wave shift multiplex record, i.e., 
the distance which can separate a mutual hologram independently, is shown also in the above-mentioned 
reference, deltaspherical =deltaBragg+deltaNA **(lambdazo/(Ltanthetas)) +lambda/(2NA) - (1) 
It is come out and expressed. Here, the distance of the objective lens and record medium with which 
lambda forms the wavelength of body light and zo forms a spherical-surface reference wave, and L are 
[ the crossed axes angle of body light and a spherical-surface reference wave and NA of the thickness of 
a record medium and thetas ] the numerical aperture of the above-mentioned objective lens. 
[0007] From this formula (1), shift-amount delta can become small, can increase a multiplicity, and can 
increase storage capacity, so that the thickness L of a record medium is large. Furthermore, what is 
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necessary is just to micrify a record section, in order to aim at increase of storage capacity more 
effectively by shift multiplex record. By carrying out multiplex record, volume multiplex record of high 
density is more realizable for a minute field. 

[0008] Therefore, in a hologram memory system, with a lens, the Fourier transform of the body light is 
carried out, and it is irradiated at a record medium. When the image of body light has a fine pitch (high 
spatial frequency), breadth zeta of the body light in a record-medium side is zeta=klambdafomegax at 
this time. — (2) 

It is come out and expressed. For k, a proportionality constant and lambda of the wavelength of body 
light and f are [ the focal distance of the lens for the Fourier transform and omega x ] the spatial 
frequency of body light. Therefore, if a focal distance f uses a small thing as a lens for the Fourier 
transform, micrifying of a record section is possible. 

[0009] Furthermore, micrifying a record section is also considered by allotting an aperture ahead of a 
record medium, and taking out and recording only the required spatial-frequency component of the body 
light after the Fourier transform. 

[0010] Let the data image recorded as a hologram be an image like drawing 1 . When the white part in 
drawing expresses data "1" and a black part expresses data "0", binary two-dimensional digital data is 
recordable for every page. The magnitude of 1 pixel of dxd corresponds to 1 bit data. 
[001 1] When the Fourier transform of such a body light of an image is carried out with a lens, the 
Fourier transform image after conversion As shown in drawing 2 , while primary light F light [ 1 or 
secondary ] F 2 or 3rd light F3 - becomes what spread in the symmetry in the plus direction and the 
minus direction about each of the direction of a x axis, and the direction of the y-axis focusing on the 
zero-order light F0 (omegax=0, omegay=0) As drawing 2 shows a component with stronger 
reinforcement as a big point and the curve PI of drawing 3 shows, the optical reinforcement has the 
remarkably strong zero-order light F0, and becomes so weak that it becomes high order. 
[0012] 

[Problem(s) to be Solved by the Invention] A hologram is formed by making body light and a reference 
beam interfere in a record medium, cross protection is so large that the reinforcement of body light and a 
reference beam is equal, and the diffraction efficiency at the time of playback becomes high. On the 
contrary, since cross protection is small when the reinforcement of body light and a reference beam 
differs extremely, the diffraction efficiency at the time of playback becomes low. 
[001 3] therefore, it was shown in drawing 2 and drawing 3 - as - each - the case where the Fourier 
transform image with which the reinforcement of the following component differs is recorded as a 
hologram - each, about the following component, uniform and sufficient cross protection is not 
acquired and it does not become uniform and sufficient diffraction efficiency. 

[0014] For example, when a reference beam is made into the same reinforcement as the zero-order light 
F0, it will become the image with which the profile with playback of a high order component inadequate 
[ a'playback image ] faded since the cross protection about the component after primary and a high order 
component which is especially called secondary light F 2 or 3rd light F3 became small, diffraction 
efficiency fell about the high order component and the Fourier transform image included many profile 
information in the high order component. 

[0015] on the contrary - as [ call / for example, / when a reference beam is made into the same 
reinforcement as the 3rd light F3 / it / the zero-order light F 0 or primary light Fl ] - low - the cross 
protection about degree component - small - becoming ~ low - degree component ~ diffraction 
efficiency - falling - a Fourier transform image - low - a playback image since many quantity of light 
information is included in degree component - low - it will become the image with inadequate 
playback of degree component for which the quantity of light was insufficient. 

[0016] Therefore, generally, as the straight line P2 of drawing 3 shows, a reference beam is made into 
the in-between reinforcement between the zero-order light F0 and high order light, however - even if 
such - each ~ about the following component, uniform and sufficient cross protection is not acquired 
and does not become uniform and sufficient diffraction efficiency. 

[0017] then, the case where this invention records the Fourier transform image of the body light holding 
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data information as a hologram — a Fourier transform image — each ~ cross protection sufficient by 
homogeneity is acquired per degree component, and it enables it to reproduce the data image of body 
light good 
[0018] 

[Means for Solving the Problem] By the optical recording approach of this invention, in the strong place 
of the reinforcement of the Fourier transform image of the body light holding data information, and this 
Fourier transform image, reinforcement is strong, and reinforcement irradiates at coincidence the 
reference beam which has weak space intensity distribution at an optical recording medium, and records 
on said optical recording medium by making said Fourier transform image into a hologram in the weak 
place of reinforcement. 
[0019] 

[Function] by the optical recording approach of this invention of the above-mentioned approach, the 
reinforcement of a Fourier transform image is strong ~ low — the reference beam component in which 
degree component and the reference beam component in which it interferes have strong reinforcement, 
and it interferes with a high order component with the weak reinforcement of a Fourier transform image, 
since reinforcement is weak as [ bury / in the one where the reinforcement of another side is strong / the 
one where either reinforcement of a Fourier transform image and a reference beam is weaker ] — there is 
nothing ~ a Fourier transform image — each — cross protection sufficient by homogeneity is acquired 
per degree component, and the data image of body light is reproduced good. 
[0020] 

[Embodiment of the Invention] [An example of the optical recording approach] In order to record data 
on high density, it is desirable to make small an area of 1 pixel of a data image like drawing 1 , namely, 
to make the value of d small, and to stuff more bit data in 1 page. In addition to record of high density, 
high-speed record playback is realizable with this. 

[0021] However, since x of a data image, the spatial frequency omega x of the direction of the y-axis, 
and omegay are proportional to 1/d, if an area of 1 pixel is made small in this way, spatial frequency 
omega x and omegay will become large, and the Fourier transform image of the data image as a body 
light will spread on an optical recording medium according to a formula (2). 

[0022] Then, it is desirable to micrify the record section on an optical recording medium by arranging 
the protection-from-light object which formed the light transmission section in the part ahead of an 
optical recording medium, making the Fourier transform image of a data image penetrate, and irradiating 
the light transmission section in it at an optical recording medium. 

[0023] Since the image (body light) to record is not an analog image but a binary data image, if spatial 
frequency omega x and omegay do not need to record it to the component of infinity and record to the 3- 
5th high order about components as a Fourier transform image, it is enough. 

[0024] So, with an example of the optical recording approach of this invention shown below, only the 
component from the zero-order light of a Fourier transform image to the 5th light is recorded on an 
optical recording medium as a hologram. 

[0025] Drawing 4 shows an example of the optical recording approach of this invention. By this 
approach, the protection-from-light object 20 in which the light transmission section 21 as shown in this 
drawing (A) was formed is arranged ahead of an optical recording medium, the component from the 
zero-order light of a Fourier transform image as shown in drawing 2 to the 5th light is made to penetrate, 
and the light transmission section 21 is irradiated for it at an optical recording medium. The light 
transmission section 21 sets light transmittance constant throughout the. 

[0026] [ in the circle which is equivalent to the light transmission section 21 as shown in this drawing 
(B) on the other hand ] permeability in a core at the maximum The intensity modulation filter 17 which 
has the space permeability distribution to which permeability becomes small as it goes on the outskirts 
Arrange on the optical path of the parallel light of fixed reinforcement spatially, the intensity modulation 
filter 17 is made to penetrate the parallel light of the fixed reinforcement, and the transmitted light is 
irradiated as a reference beam to the field to which the component from the zero-order light of a Fourier 
transform image of an optical recording medium to the 5th light is irradiated. 
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[0027] In this case, the reference beam which penetrated the intensity modulation filter 17 makes the 
light transmission section 21 of the protection-from-light object 20 penetrate like a Fourier transform 
image, and irradiates an optical recording medium, or irradiates an optical recording medium directly 
through the light transmission section 21 . However, in any case, it sets on an optical recording medium, 
and is made for the core of max [ reinforcement / of a reference beam ] to overlap the zero-order light of 
max [ reinforcement / of a Fourier transform image ]. 

[0028] According to this, the reference beam irradiated by the optical recording medium becomes what 
has the space intensity distribution of the Fourier transform image shown as a continuous line PI, and 
the same space intensity distribution as the broken line P3 of drawing 4 (C) shows, namely, to a 
component with the strong reinforcement of a Fourier transform image, reinforcement is strong and 
becomes what has weak reinforcement to a component with the weak reinforcement of a Fourier 
transform image. 

[0029] therefore, a thing [ a thing ] the one where either reinforcement of a Fourier transform image and 
a reference beam is weaker is buried in the one where the reinforcement of another side is strong — there 
is nothing — a Fourier transform image — each — cross protection sufficient by homogeneity is acquired 
per degree component, and the data image of body light can be reproduced good. 
[0030] [An example of optical recording equipment] Drawing 5 is the case where an example of the 
optical recording equipment of this invention is shown, and it serves as photo-regenerating equipment. 
[0031] The coherent light from the light source 6 is divided into two light by the beam splitter 12, a 
shutter 15 is opened at the time of record, and light which penetrated the beam splitter 12 is made into 
parallel light with large aperture with Lenses 10a and 10b, and carries out incidence to the space optical 
modulator 4. 

[0032] By computer omitted by a diagram, a binary two-dimensional digital data image as shown in 
drawing 1 is displayed on the space optical modulator 4. According to the value of each pixel of a digital 
data image, intensity modulation of the light which passed the space optical modulator 4 is carried out 
by this, and it turns into the body light 1 which has the information on a digital data image by it. 
[0033] The Fourier transform of this body light 1 is carried out with a lens 7, the light transmission 
section 21 of the protection-from-light object 20 which showed the component from the zero-order light 
of If of Fourier transform images as shown in drawing 2 after that conversion to the 5th light to drawing 
4 (A) is made to penetrate, and an optical recording medium 5 is irradiated. 

[0034] After reflecting the light reflected in coincidence by the beam splitter 12 by mirrors 13 and 14, 
Make the intensity modulation filter 17 shown in drawing 4 (B) penetrate, and the reference beam 2 
which has the space intensity distribution corresponding to space intensity distribution of If of Fourier 
transform images as mentioned above is obtained. The field to which the light transmission section 21 of 
the protection-from-light object 20 is made to penetrate, and the component from the zero-order light of 
If of Fourier transform images of an optical recording medium 5 to the 5th light is irradiated [ section ] 
in the reference beam 2 is irradiated. 

[0035] In an optical recording medium 5, the component from the zero-order light of If of Fourier 
transform images to the 5th light and the reference beam 2 which has the space intensity distribution 
corresponding to the space intensity distribution interfere, and the Fourier transform hologram is 
recorded into an optical recording medium 5 by this. In this case, by the driving means 40, an optical 
recording medium 5 is moved in the predetermined shift direction, and shift multiplex record of the 
hologram is carried out. 

[0036] At the time of playback, a shutter 15 is closed, the body light 1 is intercepted, the same light as 
the reference beam 2 at the time of the record which made the intensity modulation filter 17 penetrate is 
read, as a light, the light transmission section 21 of the protection-from-light object 20 is made to 
penetrate, and the field to which the hologram of an optical recording medium 5 is recorded is irradiated. 
It irradiated, and reads and light 2 is diffracted by the hologram. 

[0037] The inverse Fourier transform of the diffracted light 3 is carried out with a lens 8, image 

formation is carried out on the photodetectors 9, such as CCD, and data information is read. 

[0038] With the approach and equipment by [experiment which were verified ] mentioned above, record 
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playback of data information was actually tried. Although what kind of thing could be used as an optical 
recording medium 5 as long as the hologram was recordable, the polyester which is expressed with the 
chemical formula shown in drawing 6 and which has a cyano azobenzene in a side chain was used here. 
Record of a hologram, playback, and elimination are possible for this ingredient by the optical induction 
anisotropy by photoisomerization of the cyano azobenzene of a side chain as indicated by Japanese 
Patent Application No. No. 32834 [ ten to ] at the detail. 

[0039] 515nm of oscillation lines of the Ar ion laser which has sensibility in the polyester which has a 
cyano azobenzene in the side chain as an optical recording medium 5 was used for the light source 6. 
[0040] The magnitude of 1 pixel used the 640x480-pixel liquid crystal panel 1.3 mold for projectors for 
the space optical modulator 4 by 42micrometerx42micrometer. The pattern by which made 1 pixel 1 bit 
and binarization was carried out like drawing 1 was created by computer, and was inputted into the 
space optical modulator 4. Therefore, the data image of the body light 1 will have a spatial-frequency 
component corresponding to the pitch of d= 42 micrometers. As a lens 7 which carries out the Fourier 
transform of the body light 1, that whose focal distance f is 55mm was used. 
[0041] The liquid crystal panel same also as an intensity modulation filter 17 as the space optical 
modulator 4 was used. Beforehand, the space intensity distribution of the Fourier transform image in the 
location on an optical recording medium 5 were measured with the CCD camera, and space intensity- 
distribution data were obtained. 

[0042] First, the hologram was recorded by the conventional approach for the comparison. From the 
above-mentioned space intensity-distribution data obtained beforehand, zero-order light, secondary 
light, and the 5th luminous intensity were detected, and the hologram was recorded by the reference 
beam of the same reinforcement as these. 

[0043] Although lightness was high when body light was intercepted, the same read-out light as a 
reference beam was irradiated and the data image was reproduced from the obtained diffracted light, 
after first irradiating the reference beam of the same reinforcement as zero-order light and recording a 
hologram, the playback image with which the profile faded was obtained. Next, although the profile had 
clarified when body light was intercepted, the same read-out light as a reference beam was irradiated 
and the data image was reproduced from the obtained diffracted light, after irradiating the reference 
beam of the same reinforcement as the 5th light and recording a hologram, the low playback image of 
lightness was obtained, the case where a high order component is not fully reproduced but a reference 
beam is the same reinforcement as the 5th light conversely when these results to a reference beam is the 
same reinforcement as zero-order light — low — it was checked that degree component is not fully 
reproduced. 

[0044] furthermore - although lightness falls when body light is intercepted, the same read-out light as a 
reference beam is irradiated and a data image is reproduced from the obtained diffracted light, after 
irradiating the reference beam of the same reinforcement as secondary light and recording a hologram - 
the small-fire injury of a profile - it has been improved a few. The conventional approach changes the 
reinforcement of a reference beam, checking a playback image in this way, and chooses the 
reinforcement of the reference beam from which the most desirable playback image is obtained. 
[0045] Next, the hologram was recorded by the approach of this invention. First, intensity modulation 
data were created by computer based on the above-mentioned space intensity-distribution data obtained 
beforehand, and it displayed on the liquid crystal panel which forms the intensity modulation filter 17. 
[0046] Next, the CCD camera has been again arranged in the location on an optical recording medium 5, 
the space intensity distribution of the reference beam which penetrated the intensity modulation filter 17 
were measured, and intensity modulation data were adjusted so that the space intensity distribution of a 
reference beam might become the same as the space intensity distribution of a Fourier transform image. 
The hologram was recorded after adjustment by the reference beam which penetrated the intensity 
modulation filter 17. Then, when body light was intercepted, the same read-out light as a reference beam 
was irradiated and the data image was reproduced from the obtained diffracted light, lightness was high, 
and the playback image with which the profile clarified was obtained, and the effectiveness of the 
approach of this invention was checked. 
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[0047] Example] besides [ Instead of carrying out the Fourier transform of the data image of body light 
with a lens, the data of a Fourier transform image are obtained from data information by computer, and a 
Fourier transform image is displayed on a space optical modulator, and you may make it irradiate a 
Fourier transform image by it at an optical recording medium. 
[0048] 

[Effect of the Invention] according to [ as mentioned above ] this invention — a Fourier transform image 
— each — cross protection sufficient by homogeneity is acquired per degree component, and the data 
image of body light can be reproduced good. 

[Translation done.] 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 3] 
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[Drawing 4] 
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[Drawing 51 
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